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10 BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to implantable medical devices, one example of 
which is a stent. More particularly, the invention relates to a method of coating 
such implantable medical devices. 

15 Description nf the Background 

Percutaneous transluminal coronary angioplasty (PTCA) is a procedure for 
treating heart disease. A catheter assembly having a balloon portion is introduced 
percutaneously into the cardiovascular system of a patient via the brachial or 
femoral artery. The catheter assembly is advanced through the coronary 

20 vasculature until the balloon portion is positioned across the occlusive lesion. 

Once in position across the lesion, the balloon is inflated to a predetermined size to 
remodel the vessel wall. The balloon is then deflated to a smaller profile to allow 
the catheter to be withdrawn from the patient's vasculature. 

A problem associated with the above procedure includes formation of 

25 intimal flaps or torn arterial linings, which can collapse and occlude the conduit 
after the balloon is deflated. Vasospasms and recoil of the vessel wall also 
threaten vessel closure. Moreover, thrombosis and restenosis of the artery may 
develop over several months after the procedure, which may necessitate another 
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procedure or a surgical by-pass operation. To reduce the partial or total occlusion 
of the artery by the collapse of arterial lining and to reduce the chance of the 
development of thrombosis and restenosis a stent is implanted in the lumen to 
maintain the vascular patency. 

Stents act as scaffoldings, functioning to physically hold open and, if 
desired, to expand the wall of the passageway. Typically, stents are capable of 
being compressed so that they can be inserted through small lumens via catheters 
and then expanded to a larger diameter once they are at the desired location. 
Mechanical intervention via stents has reduced the rate of restenosis as compared 
to balloon angioplasty. Yet, restenosis is still a significant clinical problem with 
rates ranging from 20-40%. When restenosis does occur in the stented segment, its 
treatment can be challenging, as clinical options are more limited as compared to 
lesions that were treated solely with a balloon. 

Stents are used not only for mechanical intervention but also as vehicles for 
providing biological therapy. Biological therapy can be achieved by medicating the 
stents. Medicated stents provide for the local administration of a therapeutic 
substance at the diseased site. In order to provide an efficacious concentration to 
the treated site, systemic administration of such medication often produces adverse 
or even toxic side effects for the patient. Local delivery is a preferred method of 
treatment in that smaller total levels of medication are administered in comparison 
to systemic dosages, but are concentrated at a specific site. Local delivery thus 
produces fewer side effects and achieves more favorable results. 
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One proposed method of medicating stents involves the use of a polymeria 
carrier eoared onto the surface of the stent. A composition including a solvent, a 
polymer dissolved in the solvent, and an active agent dispersed in the blend is 
applied to .he stent by immersing the stent in the composition or by spraying the 
composition onto the stent. The solven. is allowed to evaporate, leaving on the 
Ml strut surfaces a coating of the polymer and the active agent impregnated in the 
polymer. 

A potential shortcoming of the foregoing method of medicating stents is 
.hat the release rate of the active agent may be too high to provide an efficacious 
treatment. This shortcoming may be especially pronounced with certain active 
agents. For instance, it has been found that the release rate of 40-O-<2- 
hydroxy)emyl-rapamycin from a standard polymeric coating is greater than 50% in 
about 24 hours. Thus, there is a need for a coating that reduces the release rate of 
active agents in order to provide a more efficacious release rate profile. 

Another shortcoming of the foregoing method of medicating stents is that 
.here can be significant manufacturing inconsistencies. For instance, there can be 
release rate variability among different stents. It is believed that when some 
polymers dry on a stent surface to form a coating, different poller morphologies 
can develop for different stent coatings, even if the coating process parameters are 
, consistent. The differences in polymer morphology may cause the release rate of 
the active agent from the polymeric coatings to vary significantly. As a 
consequence of the inconsistent release rate profiles among stents, there can be 
clinical complications. Additionally, when stents are stored, ,he release rate from 
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the stent coating can change during the storage time, known as "release rate drift." 
Thus, there is a need for a method that reduces the variability of the release rate of 
active agents among stents and over time. The present invention provides a 
method and coating to meet the foregoing as well as other needs. 
SUMMARY 

In accordance with one aspect of the invention, a method of manufacturing 
an implantable medical device is disclosed including applying a composition to an 
implantable medical device, the composition including a polymer, an active agent 
and a solvent; allowing the solvent to evaporate to form a dry coating, the dry 
coating comprising less than about 2% residual fluid content (w/w); applying a 
fluid to the dry coating, the fluid being substantially free from any polymer; and 
allowing the fluid to evaporate from the coating. In one embodiment, the fluid is 
substantially free from any active agents. In another embodiment, applying the 
fluid includes spraying the fluid onto the coating or immersing the device into a 
bath of fluid. In a further embodiment, the temperature of the fluid is equal to or 
greater than the glass transition temperature of the polymer. 

In accordance with a further aspect of the present invention, a method of 
manufacturing a stent coating is disclosed including applying a composition to a 
stent, the composition including a semicrystalline polymer and a solvent; allowing 
the solvent to evaporate to form a dry coating, the dry coating comprising less than 
about 2% residual fluid content (w/w); and exposing the coating to a fluid for a 
sufficient duration to increase the crystallinity of the polymer in at least a portion of 
the coating, the fluid being substantially free from any polymer. In one 
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embodiment, .he poller comprises an ethylene vinyl alcoho. copolymer or 
poly(vinylidene fluoride-co-hexafluororpropene). In another embodiment, 
exposing the coating to a fluid includes immersing the stent into a bad, of fluid. In 
y e, another embodiment, the stent is immersed for about 30 minutes to about 

5 twelve hours. 

nmrF pr^mPTTON OF THE FIGURES 

Figures 1 A-1E illustrate eoatings deposited over an implantable medical 

substrate in accordance with various embodiments of the present invention; 

Figure 2 is a graph of the relationship of heat capacity versus temperature 

10 for a polymer; 

Figure 3 is graph of the relationship of elasticity versus temperature for a 

polymer; 

Figure 4 is a graph of the relationship of specific volume versus 

temperature for a polymer; and 
l5 Figures 5A and 5B are Fourier Transform Infrared spectrographs that are 

referred to in Example 4. 
rFT ATTFn INSCRIPTION 

Coating 

Herein is disclosed a method of manufacturing a drug eluting implantable 
M device, such as a stent, by using a fluid rreatmen, process. The method includes 
applying a fluid to a dry polymeric coating. The coating can include one or more 
active agents dispersed within one or mo. polymers. The active agent can be any 
substance capable of exerting a therapeutic or prophylactic effect. "Poller," 
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"poly," and "polymeric" are inclusive of homopolymers, copolymers, terpolymers 
etc., including random, alternating, block, cross-linked, blends and graft variations 
thereof. 

Some of embodiments of the polymeric coating are illustrated by Figures 
1A-1E. The Figures have not been drawn to scale, and the thickness of the various 
layers have been over or under emphasized for illustrative purposes. 

Referring to Figure 1 A, a body of a medical substrate 20, such as a stent, is 
illustrated having a surface 22. A reservoir layer 24 having a polymer and an 
active agent (e.g., 40-O-(2-hydroxy)ethyl-rapamycin) dispersed in the polymer is 
deposited on surface 22. The polymer in reservoir layer 24 can be a homopolymer, 
copolymer, terpolymer, etc. and can include random, alternating, block, cross- 
linked, blends and graft variations thereof. Reservoir layer 24 can release the 
active agent when medical substrate 20 is inserted into a biological lumen. 

Referring to Figure IB, medical substrate 20 includes cavities or micro- 
pores 26 formed in the body for releasably containing an active agent, as illustrated 
by dotted region 28. A barrier layer or rate-reducing membrane 30 including a 
polymer is disposed on surface 22 of medical substrate 20, covering cavities 26. 
Barrier layer 30 functions to reduce the rate of release of an active agent from 

medical substrate 20. 

Referring to Figure 1C, medical substrate 20 is illustrated having active- 
agent-containing or reservoir layer 24 deposited on surface 22. Barrier layer 30 is 
formed over at least a selected portion of reservoir layer 24. 
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Referring .0 Figure ID, reservoir coating 24 is deposit on a primer layer 
,2. Barrier layer 30 is formed over a. ieas. a portion of reservoir Iayer24. Primer 
laye r 32 serves as an inrermediary layer for increasing the adhesion between 
reservoir layer 24 and surface 22. Increasing the amount of active agent admixed 
5 within .he poller can diminish the adhesiveness of reservoir layer 24 .0 surface 
22. Accordingly, using an active agents poller as an intermediary primer 
,ayet 32 allows for a higher active agent content for reservoir layer 24. 

Figure IE illustrates medical substmte 20 having a firs, reservoir layer 24A 

„ layer 24A contains a firs. active agen,, e.g., 40*<2-hydroxy)e,hy,- ra pamycln. A 
second reservoir layer 24B can also be disposed on surface 22. Second reservoir 
lay er 24B contains a second active agen., e.g., taxol. Firs, and second reservoir 
layers 24A a,d 24B are covered by first and second barrier layers BOA and 30B, 
respectively. One of ordinary skill in the art can appreciate .ha, barrier layer 30 en 
, 5 be deposited only on selected areas of reservoir layer 24 so as to provide a variety 
of selected release parameters. Such selected patterns may become particularly 
uaefu, if a combination of active agents are used, each of which requires a different 
release parameter. 

By way of example, and not limitation, the impregnated reservoir layer 24 
20 can have a thickness of abou, 0.1 microns to about 20 microns, more narrowly 
abou , 0.5 microns to 10 microns. The particular thickness of reservoir layer 24 is 
based on the type of ptocedure for which medical substrate 20 is employed and me 
amount of the active agen, to be deliveted. The amount of the active agen, ,0 be 
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included on medical substrate 20 can be further increased by applying a plurality of 
reservoir layers 24 on top of one another. Barrier layer 30 can have any suitable 
thickness, as the thickness of barrier layer 30 is dependent on parameters such as, 
but not limited to, the desired rate of release and the procedure for which the stent 
will be used. For example, barrier layer 30 can have a thickness of about 0.1 to 
about 10 microns, more narrowly from about 0.25 to about 5 microns. Primer layer 
32 can have any suitable thickness, examples of which can be in the range of about 
0.1 to about 10 microns, more narrowly about 0.1 to about 2 microns. 

Fluid TW™ nt nf the Coating 
The implantable medical device manufactured in accordance with 
embodiments of the present invention may be any suitable medical substrate that 
can be implanted in a human or veterinary patient. In the interests of brevity, 
methods of manufacturing a drug eluting stent are described herein. However, one 
of ordinary skill in the art will understand that other medical substrates can be 
manufactured using the methods of the present invention. 

As noted above, the method of the present invention includes applying a 
fluid to a dry polymeric coating. A stent having a dry polymeric coating can be 
provided for the fluid treatment process. Alternatively, the dry polymeric coating 
can be formed on the stent surface as described in further detail herein. The 
0 coatings illustrated in Figures 1 A-1E, for example, can be exposed to the fluid 

treatment process. 

"Dry coating" is defined as a coating with less than about 10% residual 
fluid (eg, solvent(s) or water) content (w/w). In one embodiment, the coating has 
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, KS th an abo* 2% residua, flu, conren, (w,w), and more nar^y, •- «- — 
, %resi dua, fluid contend). Tbeamountof residua, fluids in , be coating ean 

eM mp,e, a coared s«e„. can be p,aced in tbe TGA instrument and the wergb. 

a .emperarure e q ua, «o ,he boding remperarure of.be so,ven, used in rbe coring as 

an indicarion of rhe solvenr conrenr. 

W ,d» is defined as a liquid, vapor or a combination of liquids and/or 
vapors (i.e., mixture of rwo o, more fluids, rba, is comply or subaantiafly free 
,„ from a pofyoteric subsranee. b, one embodiment, ,be fluid comprises one or more 
activ e agenrs or drogs. ,n anoUrer embodiment Are fluid is aiso comp,ete,y or 
subst an,ia„y free from any aefive agenrs or drugs. "Subs.an.iaiiy free » means rba, 
tnCT e is mo, fluid man me other substance (i.e., po,ymer and/or drug and/or otber 
^ienO^MnoneembodimenUbe fluid bus ,ess,nan0.0 5 %of,be 

,ess tban 0.0,% (wM, o„be substance. Xomp,ete,y" means mat the fluid has 0% 
(w/w) of such substances. 

ta 0 „e embodiment me dry coating is subjected to .be fluid treatment by 
a PP ,ym g .be fluid • .be coating to modi* .be re.ease rare ofthe ae.,ve agent from 

so ,ven, for rhe active agent in me eoaring by at ,eas, partiaUy d,sso,v,ng .be aettve 
agent «S0,vent" is deflned as a subaanee capab,e of discing or dispersing one 
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subs.ance(s) .0 t» a uniformly dispersed mixture a, » ^ or io„ic-si Z e 
,eve,. When acting as a solvent for the ae,ive agen,, in one embodiment ,be liquid 
phase of ,be fluid can be oapabie of dissoiving a, leas, abou, 5 mg of the active 
agen, in abou, 1 L of .he liquid phase of to fluid a. ambient pressure and 
5 mature, and more narrow,, a, leas, abou, 50 mg of ,he aeflve agen, in abou, , 
L of the liquid phase of the fluid at ambient pressure and temperature. 

Particular polymer and fluid combinations can be selected ,0 desirably 
affect the polymer morphology and/or drug distribution within the coating in order 
,„ mo dify the release rate of the active agent For instance, a particular polymer 
10 and fluid combination can be selected ,0 cause the polyme, in the dry coating to 
sw c,l as described in Examples 2-4 below. It is also possible to select a 
combination ,ha, advantageously causes the polymer to partially dissolve on the 
^ng. A volatile fluid .ha, partially dissolves the polymer can be used to form a 
thi „ membrane of me polymer on .he surface of the coating tha, is subs.an.iaUy 

15 free of the active agent. 

,f ,he fluid causes the polymer to partially dissolve, me fluid used for the 
pr „ces S and ,he process parameters can be selected ,0 prevent ,he removal of ,he 
poller from me coating. For example, a fluid can be seleCed «ha, is a more 
effective solvent for .he active agen, .ban *e polymer to prevent the polymer from 
2 „ being removed from .he coaung. Therefore, some of ,he active agon, can be 
dissolved in the fluid before ,he polymer is washed away from <he coating, ta 
addition, a volatile fluid, e.g, a fluid having a liquid phase with a boiling 
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temperature below 60°C at atmospheric pressure, can be selected to prevent the 
polymer from being removed from the coating. 

The fluid treatment can be beneficial because, without the fluid treatment, 
the active agent (e.g., 40-O-(2-hydroxy)ethyl-rapamycin) can diffuse from the 
polymer matrix at a rate that could be too high for certain clinical conditions. For 
example, by using the process of the present invention, a fluid can be applied to the 
dry coating for a sufficient duration effective to decrease the release rate of 40-O- 
(2-hydroxy)ethyl.rapamycin, or analog or derivative thereof, by about 50% as 
compared to a control group, as demonstrated in Example 3 below. 

Without being bound by any particular theory, it is believed that the 
diffusion rate of the active agent from the polymer of the present invention can be 
modified because the fluid treatment modifies the polymer morphology and/or 
redistributes the solid state concentration of the active agent within the dry coating. 
For example, in one embodiment of the present invention, the fluid used for the 
treatment causes the polymer in the coating to swell, and at the same time, 
solubilizes the active agent in the coating. The fluid therefore extracts a portion of 
the active agent from the surface layer of the coating, and causes the polymer to 
redistribute at the surface of the coating to form a thin membrane on the surface 
that is substantially free of the active agent. The thin membrane of the polymer at 
the surface can reduce the release rate of the active agent from the deeper regions 

in the final coating. 

In another embodiment of the present invention, the dry coating is subjected 
to a fluid treatment by applying a pure fluid to the coating for a sufficient duration 
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t0 increase the percen. ^ of the poiymer in me coaflng. Methods of 

determining the percen. — P«*« « *" riW W °™' 

By increasing the percen, cryaalhnuy of.be poiytne, in .he coaflng, ft. 

flnid .rearmen, process can address some of the shortcomings 
5 coding .echni q ues. For ins,ance, .he diffusion rare of .he acflve agen, fro. <h= 

which increases rhe percen. crystal of .he po.yn.er in .he coating without 

substantially extracting the drug. 

By increasing .he pcrcen. crysraBimty of .h= poller in ft. coating, the 

consistency of drug eiuting s.ents by reducingthe variably of the reiease ra,e of 

naseiine group of stents (i.e., stems which have no. heen subject .0 a flu,d 

treatment process). 

Withou. being bound by any particular .heory, k is believed .ha. the fluid 
^naren. process can increase manufacturing consistency by moving a poiynteric 

WtaB, if a semicrysuiiine poiynacr is employed in the coaflng co m posi.io„, 
wh e„ volatile solven* are used in .he coaflng composition, .he poiyn-er does no. 
nave an opportunity .0 fuliy crystal before t. soiven. is removed to form the 
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dry coating. The fluid treatment process can be nsed to improve polymer 
morphology by increasing the percent erystallinity of the poiynrer. 

The ftuid treatment process eanaiso reduce the release -a* drift overtime 
hy increasing the pereeu, erystallinity of the polymer in the coating. "Release rate 
5 drift" refers to the phenomenon in which the release rate of an active agent from a 

Release rate drift may occur because of changes in the morphology of a polymeric 
coating over a period of time, for example if the polymeric coating is exposed ho 

10 increase the percent crystalling of the polymer so tha, the polymer is in a 

tl— amically or kinetically stable stare, thereby reducing the changes in the 
morphology of a polymeric coating over time. The solvent treatment process, 
therefore, can improve the self life of the stent product. 

-Percent erystallinity" refers to the percentage of the polymer material that 
15 „ machine form. In one embodiment of the present invention, the polymer is 
a semicrystalline polymer having between 10 and 75 percent erystallinity. For 
■ example, po.y(vinylidene fluoride-co-bexafluroisopropylene) can achieve abou, 
20% erystallinity when the vinylidene fluoride to hexafluroisopropylene ratio is 
85:15 . Als0 , by example, polyfvinylidene fluoride) can achieve abou, a 65 percent 
20 erystallinity, and poly(6-aminocaproic acid) can achieve abou. a 64 percent 
erystallinity. 

Those of ordinary skill in the art understand that mere are several methods 
for determining the percent erystallinity in polymer, These method, are, for 
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example, described in L.H. Sperline, Introduction to Physical Polymer Science (3rd 
ed. 2001). The first involves the determination of the heat of fusion of the whole 
sample by calorimetric methods. The heat of fusion per mole of crystalline 
material can then be estimated independently by melting point depression 
5 experiments. The percent crystallinity is then given by heat of fusion of the whole 
sample divided by the heat of fusion per mole of crystalline material times 100. 

A second method involves the determination of the density of the 
crystalline portion via X-ray analysis of the crystal structure, and determining the 
theoretical density of a 100% crystalline material. The density of the amorphous 
10 material can be determined from an extrapolation of the density from the melt to 
the temperature of interest. Then the percent crystallinity is given by: 
% Crystallinity = fiexmi - Pamorph X\00 

P 1 00% cryst — Pamorph 

where p e x P ,i represents the experimental density, and p am orph and p,oo% cryst are the 
15 densities of the amorphous and crystalline portions, respectively. 

A third method stems from the fact that X-ray diffraction depends on the 
number of electrons involved and is thus proportional to the density. Besides 
Bragg diffraction lines for the crystalline portion, there is an amorphous halo 
caused by the amorphous portion of the polymer. The amorphous halo occurs at a 
20 slightly smaller angle than the corresponding crystalline peak, because the atomic 
spacings are larger. The amorphous halo is broader than the corresponding 
crystalline peak, because of the molecular disorder. This third method can be 
quantified by the crystallinity index, CI, where 

CI- A c 

25 A a + A c . 
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and where A c and A a represent the area under the Bragg diffraction line and 
corresponding amorphous halo, respectively. 

Representative examples of fluids for the treatment process include 
5 chloroform, acetone, water (buffered saline), dimethylsulfoxide, propylene glycol 
methyl ether, iso-propylalcohol, n-propylalcohol, methanol, ethanol, 
tetrahydrofuran, dimethylformamide, dimethylacetamide, benzene, toluene, xylene, 
hexane, cyclohexane, pentane, heptane, octane, nonane, decane, decalin, ethyl 
acetate, butyl acetate, isobutyl acetate, isopropyl acetate, butanol, diacetone 
10 alcohol, benzyl alcohol, 2-butanone, cyclohexanone, dioxane, methylene chloride, 
carbon tetrachloride, tetrachloroethylene, tetrachloro ethane, chlorobenzene, 1,1,1- 
trichloroethane, formamide, hexafluoroisopropanol, 1,1,1-trifluoroethanol, 
acetonitrile, and hexamethyl phosphoramide and a combination thereof. 

The fluid can be applied by immersing the stent in the fluid. The stent can 
1 5 be immersed in the fluid, for example, for about ten seconds to about thirteen 

hours, more narrowly about 30 minutes to about twelve hours. The stent should be 
immersed for a sufficient duration to effect the desired changes in the polymer 
morphology and/or drug distribution. 

The fluid can also be applied by spraying the fluid onto the stent with a 
20 conventional spray apparatus, or applied by other metering devices. For instance, 
the stent can be sprayed for one to ten spray cycles (i.e., back and forth passes 
along the length of the stent) using a spray apparatus to deposit about 1 ml to about 
500 ml, more narrowly 5 ml to about 20 ml, of the fluid onto the stent. The spray 
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process can take place in a vacuum chamber at a reduced pressure (e.g., less than 
300 mm Hg) in order to raise the fluid concentration in the vapor phase. As above, 
the stent should be exposed to the fluid spray process for a sufficient duration to 
effect the desired changes in the polymer morphology. 
5 The fluid treatment should not adversely affect the characteristics of the 

active agent present in the coating. In order to prevent possible degradation of the 
active agents or the polymers in the coating, the fluid should not react with the 
active agent in the coating. Additionally, the fluid should not cause the active 
agent to crystallize within the dry polymeric coating. Crystallization of the active 
1 0 agent may disadvantageously change the release rate of the active agent from the 
coating when implanted into a biological lumen. 

Subsequent to the fluid treatment process, the coating should be allowed to 
dry to substantially remove the fluid. For instance, the removal of the fluid can be 
induced by baking the stent in an oven at a mild temperature (e.g., 60°C) for a 
1 5 suitable duration of time (e.g., 2-4 hours). 

In one embodiment of the present invention, the fluid treatment is directed 
to selected portions of the drug eluting stent. By directing the fluid treatment to 
only portions of the stent coating, the stent coating can have a variable drug release 
profile, for example along the length of the stent. For instance, the release rate at 
20 the end segments of the stent can be reduced relative to the release rate from 

middle segment of the stent by applying the fluid only to the end segments of the 
stent. 
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The fluid treatment process parameters are selected to limit the penetration 
of the fluid into the thickness of the coating. By limiting the treatment process, a 
coating can be produced in which the shallower regions of the coating have a 
different coating morphology than the deeper regions. For example, a volatile fluid 
5 (e.g., acetone) or a limited process duration can be used so that most of the fluid is 
evaporated before penetrating into the deep regions of the coating. One of ordinary 
skill in the art will understand that the fluids choosen or the duration of the fluid 
treatment will depend on factors such as the desired diffusion rate of the active 
agent through the polymer, and the inherent characteristics of the polymers and 
1 0 active agents used in the coating. 

In another embodiment of the present invention, the fluid used for the 
treatment is heated to a temperature greater than room temperature as the fluid is 
applied to the polymeric coating. The temperature used should be below the 
temperature that significantly degrades the active agent disposed in the coating. 
1 5 In one embodiment, the polymer in the coating is a semicrystalline polymer 

(e.g., polyvinyl chloride or an ethylene vinyl alcohol copolymer), and the fluid is 
heated to the crystallization temperature (T c ) of the polymer as the fluid is applied 
to the polymeric coating. "Crystallization temperature" refers to the temperature at 
which a semicrystalline polymer has its highest percent crystal Unity. Amorphous 
20 polymers do not exhibit a crystallization temperature. Methods of determining a 
crystallization temperature are described below. The crystallization temperature of 
ethylene vinyl alcohol copolymer (44 mole % ethylene), for instance, is about 
415°K (ethylene vinyl alcohol copolymer ("EVAL") is commonly known by the 
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generic name EVOH or by the trade name EVAL). Other examples of 
crystallization temperatures include 396°K for polyethylene terephthalate) as 
measured by differential scanning calorimetry (as reported by Parravicini et al., J. 
Appl. Polym. Sci., 52(7), 875-85 (1994)); and 400°K for poly(p-phenylene sulfide) 
5 as measured by differential scanning calorimetry (as reported by Ding et al. 
Macromolecules, 29(13), 481 1-12 (1996)). 

In another embodiment of the present invention, the fluid applied to the dry 
polymeric coating is heated so that the dry coating is exposed to a temperature 
equal to or greater than the T g of the polymer in the coating. Both amorphous and 
10 semicrystalline polymers exhibit glass transition temperatures. Additionally, if the 
polymer is a semicrystalline polymer, the dry polymeric coating can be exposed to 
a temperature equal to or greater than the T g but less than the melting temperature 
(T m ) of the polymer in the coating. Amorphous polymers do not exhibit a T m . 
The T g is the temperature at which the amorphous domains of a polymer 
1 5 change from a brittle vitreous state to a plastic state at atmospheric pressure. In 
other words, the T g corresponds to the temperature where the onset of segmental 
motion in the chains of the polymer occurs. When an amorphous or 
semicrystalline polymer is exposed to an increasing temperature, the coefficient of 
expansion and the heat capacity of the polymer both increase as the temperature is 
20 raised, indicating increased molecular motion. As the temperature is raised the 
actual molecular volume in the sample remains constant, and so a higher 
coefficient of expansion points to an increase in free volume associated with the 
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system and therefore increased freedom for the molecules to move. The increasing 
heat capacity corresponds to an increase in heat dissipation through movement. 

T g of a given polymer can be dependent on the heating rate and can be 
influenced by the thermal history of the polymer. Furthermore, the chemical 
structure of the polymer heavily influences the glass transition by affecting 
mobility. Generally, flexible main-chain components lower the T g ; bulky side- 
groups raise the T g ; increasing the length of flexible side-groups lowers the T g ; and 
increasing main-chain polarity increases the T g . Additionally, the presence of 
crosslinking polymeric components can increase the observed T g for a given 
polymer. For instance, Figure 3 illustrates the effect of temperature and 
crosslinking on the modulus of elasticity of a polymer, showing that forming cross- 
links in a polymer can increase the T g and shift the elastic response to a higher 
plateau-one that indicates that the polymer has become more glassy and brittle. 
Moreover, molecular weight can significantly influence T g , especially at lower 
molecular weights where the excess of free volume associated with chain ends is 
significant. 

The T m of a polymer, on the other hand, is the temperature at which the last 
trace of crystallinity in a polymer disappears as a sample is exposed to increasing 
heat. The T m of a polymer is also know as the fusion temperature (T f ). The T m is 
always greater than the T g for a given polymer. 

Like the T g , the melting temperature of a given polymer is influenced by the 
structure of the polymer. The most influential inter- and intramolecular structural 
characteristics include structural regularity, bond flexibility, close-packing ability, 
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and interchain attraction. In general, high melting points are associated with highly 
regular structures, rigid molecules, close-packing capability, strong interchain 
attraction, or two or more of these factors combined. 

Referring to Figure 2, if the coating polymer is a semicrystalline polymer, 
5 as the polymeric coating is exposed to an increasing temperature, the polymer 
exhibits three characteristic thermal transitions represented by first curve 60, 
second curve 62 and third curve 64. Figure 2 illustrates the change in heat capacity 
(endothermic v. exothermic) of a semicrystalline polymer as the polymer is 
exposed to an increasing temperature, as measured by the differential scanning 
1 0 calorimetry (DSC) method. DSC uses the relationship between heat capacity and 
temperature as the basis for determining the thermal properties of polymers and is 
further described below. 

By way of illustration, when a semicrystalline polymer is exposed to an 
increasing temperature, the crystallinity of the polymer begins to increase as the 
1 5 increasing temperature reaches the T g . At and above the T g , the increased 

molecular motion of the polymer allows the polymer chains to move around more 
to adopt a more thermodynamically stable relationship, and thereby increase the 
percent crystallinity of the polymer sample. In Figure 2, the T g is shown as point 
T g of first curve 60, which is the temperature at which half of the increase in heat 
20 capacity (AC P ) has occurred. The percent crystallinity then increases rapidly after 
point T g and is maximized at the T c of the polymer, which is indicated at the point 
T c (the apex of second curve 62). As the temperature continues to increase, the 
temperature approaches the melting temperature (T m ) of the polymer, and the 
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percent crystallinity decreases until the temperature reaches the melting 
temperature of the polymer (at point T m of curve 64). As noted above, T m is the 
temperature where the last trace of crystallinity in the polymer disappears. The 
heat of crystallization, AH C) and the heat of fusion, AH f , can be calculated as the 
areas under curves 62 and 64. The heat of crystallization and heat of fusion must 
be equal, but with opposite signs. 

The T g and/or the T m of the polymer that is to be exposed to the fluid 
treatment should be determined experimentally in order to determine which 
temperatures can be used to treat the dry polymeric coating with the heated fluid. 
As used herein, "test polymer" means the polymer that is measured to determine 
the T g and/or the T m of the polymer. "Coating polymer" means the polymer that is 
actually applied as a component of the stent coating. 

In order to accurately characterize the thermal properties of the coating 
polymer, one should consider the number of factors that can influence the T g and 
T m of a polymer. In particular, the factors include (1) the structure of the polymer 
(e.g., modification of side groups and dissimilar stereoregularity); (2) the molecular 
weight of the polymer; (3) the molecular-weight distribution (M w /M„) of the 
polymer; (4) the crystallinity of the polymer; (5) the thermal history of the polymer; 
(6) additives or fillers that are included in the polymer; (7) the pressure applied to 
the polymer as the polymer is heated; (8) residual fluids in the polymer and (9) the 
rate that the polymer is heated. 

One can account for the foregoing factors by using a test polymer that is 
substantially the same as the coating polymer, and is tested under substantially the 
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same conditions as the conditions used to conduct the fluid treatment of the 
polymeric coating. The test polymer should have the same chemical structure as 
the coating polymer, and should have substantially the same molecular weight and 
molecular-weight distribution as the coating polymer. For example, if the polymer 
is a blend of copolymers or homopolymers, the test polymer should have 
substantially the same percentage of components as the coating polymer. At the 
same time, the test polymer should have substantially the same crystallinity as the 
coating polymer. Methods of determining cystallinity are discussed herein. 
Additionally, the composition used to form the test polymer should include the 
same compounds (e.g., additives such as therapeutic substances) and liquids (e.g., 
solvent(s) and water) that are mixed with the coating polymer. Moreover, the test 
polymer should have the same thermal history as the coating polymer. The test 
polymer should be prepared under the same conditions as the coating polymer, 
such as using the same solvent, temperature, humidity and mixing conditions. 
Finally, the heating rate used for measuring the transition temperature of the test 
polymer should be substantially similar to the heating rate used to conduct the fluid 
treatment of the polymeric coating. 

The T g and T m of the test polymer can be measured experimentally by 
testing a bulk sample of the polymer. As understood by one of ordinary skill in the 
art, a bulk sample of the polymer can be prepared by standard techniques, for 
example those that are outlined in the documentation accompanying the 
instruments used to measure the transition temperature of the polymer. 
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There are several methods that can be used to measure the T g and T m of a 
polymer. The T g and T m can be observed experimentally by measuring any one of 
several basic thermodynamic, physical, mechanical, or electrical properties as a 
function of temperature. Methods of measuring glass transition temperatures and 

5 melting temperatures are understood by one of ordinary skill in the art and are 
discussed by, for example, L.H. Sperling, Introduction to Physical Polymer 
Science, Wiley-Interscience, New York (3rd ed. 2001), and R.F. Boyer, in 
Encyclopedia of Polymer Science and Technology, Suppl. Vol. 2, N.M. Bikales, 
ed., Interscience, New York (1977). 

10 The T g of a bulk sample can be observed by measuring the expansion of the 

polymer as the polymer is exposed to increasing temperature. This process is 
known as dilatometry. There are two ways of characterizing polymers via 
dilatometry. One way is to measure the linear expansivity of the polymer sample. 
Another method involves performing volume-temperature measurements, where 

15 the polymer is confined by a liquid and the change in volume is recorded as the 
temperature is raised. The usual confining liquid is mercury, since it does not swell 
organic polymers and has no transition of its own through most of the temperature 
range of interest. The results may be plotted as specific volume versus temperature 
as shown in Figure 4, which illustrates a representative example of a dilatometric 

20 study of branched polyvinyl acetate). Since the elbow in volume-temperature 
studies is not sharp (measurements of T g using dilatometric studies show a 
dispersion of about 20-3 0°C), the two straight lines below and above the transition 
are extrapolated until they meet. The extrapolated meeting point is taken as the T g . 
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A representative example of an apparatus that can be used to measure a T g via 
dilatometric studies is the Dilatometer DIL 402 PC (available from Netzsch, Inc., 
Exton, PA). 

Thermal methods can also be used to measure the T g of a bulk sample. 
5 Two closely related methods are differential thermal analysis (DTA), and 

differential scanning calorimetry (DSC). Both methods yield peaks relating to 
endothermic and exothermic transitions and show changes in heat capacity. A 
representative example of a DTA apparatus is the Rheometrics STA 1500 which 
provides simultaneous thermal analysis via DTA and DSC. 
1 0 In addition to the information that can be produced by a DTA, the DSC 

method also yields quantitative information relating to the enthalpic changes in the 
polymer (the heat of fusion of the temperature, AH f ). The DSC method uses a 
servo system to supply energy at a varying rate to the sample and the reference, so 
that the temperatures of the two stay equal. The DSC output plots energy supplied 
1 5 against average temperature. By this method, the areas under the peaks can be 
directly related to the enthalpic changes quantitatively. 

Referring to Figure 2, the T g can be taken as the temperature at which one- 
half of the increase in the heat capacity, AC P , has occurred. The increase in AC P is 
associated with the increased molecular motion of the polymer. 
20 A method of separating a transient phenomenon such as a hysteresis peak 

from the reproducible result of the change in heat capacity is obtained via the use 
of modulated DSC. Here, a sine wave is imposed on the temperature ramp. A 
real-time computer analysis allows a plot of not only the whole data but also its 
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transient and reproducible components. Representative examples of modulated 
DSC apparatuses are those in the Q Series™ DSC product line from TA 
Instruments, New Castle, DE. 

Another representative example of an apparatus that uses DSC as the base 
5 technology for measuring the T g is a micro thermal analyzer, such as the uTA™ 
2990 product from TA Instruments. A micro thermal analyzer can have an atomic 
force microscope (AFM) that is used in conjunction with a thermal analyzer. The 
instrument can be used to analyze individual sample domains identified from the 
AFM images. In a micro thermal analyzer such as the uTA™ 2990, the AFM 
1 0 measurement head can contain an ultra-miniature probe that functions as a 
programmable heat source and temperature sensor. A micro thermal analyzer, 
therefore, can provide information similar to that from traditional thermal analysis, 
but on a microscopic scale. For example, the uTA™ 2990 can provide images of a 
sample in terms of its topography, relative thermal conductivity and relative 
1 5 thermal diffusivity. The uTA™ 2990 can also provide spatial resolution of about 
1 urn with a thermal probe and atomic resolution with regular AFM probes. Other 
advantages of the uTA™ 2990 is that it can heat the polymer sample from ambient 
to about 500°C at heating rates up to 1500°C/minute which allows for rapid 
thermal characterization (e.g., in less than 60 seconds), and it can hold the sample 
20 isothermically over a broad range of temperatures (e.g., -70 to 300°C), which 
allows for thermal characterization over a broad temperature range. 

Since the notion of the glass-rubber transition stems from a softening 
behavior, mechanical methods can provide very direct determination of the T g for a 



50623.257 
#87297 



-25- 



bulk sample. Two fundamental types of measurement prevail: the static or quasi- 
static methods, and the dynamic methods. For amorphous polymers and many 
types of semicrystalline polymers in which the crystallinity does not approach 
100%, stress relaxation, Gehman, and/or Glash-Berg instrumentation provide, 

5 through static measurement methods, rapid and inexpensive scans of the 

temperature behavior of new polymers before going on to more complex methods. 
Additionally, there are instruments that can be employed to measure dynamic 
mechanical spectroscopy (DMS) or dynamic mechanical analysis (DMA) behavior. 
A representative example of an apparatus for a DMA method is the DMA 242, 

10 available from Netzsch, Inc., Exton, PA. 

Another method for studying the mechanical spectra of all types of 
polymers, especially those that are not self-supporting, is torsional braid analysis 
(TBA). In this case the polymer is dipped onto a glass braid, which supports the 
sample. The braid is set into a torsional motion. The sinusoidal decay of the 

1 5 twisting action is recorded as a function of time as the temperature is changed. 
Because the braid acts as a support medium, the absolute magnitudes of the 
transitions are not obtained; only their temperatures and relative intensities are 
recorded. 

The Tgof a bulk sample of a polymer can also be observed by utilizing 
20 electromagnetic methods. Representative examples of electromagnetic methods 
for the characterization of transitions in polymers are dielectric loss (e.g., using the 
DEA 2970 dielectric analyzer, available from TA Instruments, New Castle, DE) 
and broad-line nuclear magnetic resonance (NMR). 
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If the thickness of the coating polymer is ultra thin (i.e., less than 1 micron), 
it may be useful to utilize specialized measuring techniques, at least to compare the 
results with the values determined by measuring a bulk polymer sample to ensure 
that the bulk values are not affected by the thickness of the polymer layer. 
5 Specialized techniques may be useful because it has recently been observed that the 
Tgof a polymer can be influenced by the thickness of the polymer layer. 
Researchers, for example, have observed that polystyrene films on hydrogen- 
passivated Si had glass transition temperatures that were lower than the bulk value 
if the thickness of the films was less than 0.04 microns. See Forest et a!., Effect of 
10 Free Surfaces on the T g of Thin Polymer Films, Physical Review Letters 77(10), 
2002-05 (Sept. 1996). 

Brillouin light scattering (BLS) can be used to measure the T g of a polymer 
in an ultra thin film. The ultra thin films can be prepared by spin casting the 
polymer onto a substrate (e.g., the same substrate used to support the coating 
1 5 polymer on the stent). A spinning apparatus is available, for example, from 
Headway Research, Inc., Garland, TX. BLS can also be used to find the T g of a 
polymer in a bulk sample. In BLS studies of bulk polymers, one measures the 
velocity v L of the bulk longitudinal phonon, where v L = (Cn/p) 1/2 , C n is the 
longitudinal elastic constant, and p is the density. Since Cn is a strong function of 
20 p, as the sample temperature is changed, the temperature dependence of v L exhibits 
an abrupt change in slope at the temperature at which the thermal expansivity is 
discontinuous, i.e., the T g . For thin films, BLS probes the elastic properties 
through observation of film-guided acoustic phonons. The guided acoustic modes 
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are referred to as Lamb modes for freely standing films. For further discussion of 
the application of BLS for measuring T g , see Forest et al., Effect of Free Surfaces 
on the Glass Transition Temperature of Thin Polymer Films, Physical Review 
Letters 77(10), 2002-05 (Sept. 1996) and Forest et al. Mater. Res. Soc. Symp. Proc. 

5 407, 131 (1996). 

The Tgof an ultra thin polymer film can also be determined by using three 
complementary techniques: local thermal analysis, ellipsometry and X-ray 
reflectivity. See, e.g., Fryer et al. Dependence of the Glass Transition Temperature 
of Polymer Films on Interfacial Energy and Thickness, Macromolecules 34, 5627- 

10 34 (2001). Using ellipsometry (e.g., with a Rudolph Auto EL nulling ellipsometer) 
and X-ray reflectivity (e.g., with a Scintag XDS 2000), the T g is determined by 
measuring changes in the thermal expansion of the film. Using local thermal 
analysis, on the other hand, the T g is determined by measuring changes in the heat 
capacity and thermal conductivity of the film and the area of contact between a 

1 5 probe and the polymer surface. 

Table 1 lists the T g for some of the polymers used in the embodiments of 
the present invention. The cited temperature is the temperature as reported in the 
noted reference and is provided by way of illustration only and is not meant to be 
limiting. 

20 
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Table 1 



POLYMER 


T e (°K) 


METHOD 
USED TO 
CALCULATE 
T B 


REFERENCE 


EVAL 


330 


DMA 


Tokoh et al., Chem. 
Express, 2(9), 575-78 
(1987) 


Poly(n-butyl 
methacrylate) 


293 


Dilatometry 


Rogers et al., J. Phys. 
Chem., 61, 985-90 (1957) 


Poly(ethylene-co- 
(vinyl acetate) 


263 


DSC and DMA 


Scott et al., J. Polym. Sci., 
Part A, Polym. Chem., 
32(3), 539-55 (1994) 


Poly(ethylene 
terephthalate) 


343.69 


DSC 


Sun et al., J. Polym. Sci., 
Part A, Polym. Chem., 
34(9), 1783-92(1996) 


Poly(vinylidene 
fluoride) 


243 


Dielectric 
relaxation 


Barid et al., J. Mater. Sci., 
10(7), 1248-51 (1975) 


Poly(p-phenylene 
sulfide) 


361 


DSC 


Ding, et al., 

Macromolecules, 29(13), 
4811-12(1996) 


Poly(6- 
aminocaproic acid) 


325 


DSC 


Geeetal., Polymer, 11, 
192-97 (1970) 


Poly(methyl 
methacrylate) 


367 


DSC 


Fernandez-Martin, et al., J. 
Polym. Sci., Polym. Phys. 
Ed., 19(9), 1353-63(1981) 


Poly(vinyl 
alcohol) 


363 


Dilatometry 


Fujii et al., J. Polym. Sci., 
Part A, 2, 2327-47(1964) 


Poly(epsilon- 
caprolactone) 


208 


DSC 


Loefgren et al., 
Macromolecules, 27(20), 
5556-62 (1994) 



As noted above, "polymer" as used herein is inclusive of homopolymers, 
copolymers, terpolymers etc., including random, alternating, block, cross-linked, 
5 blends and graft variations thereof. By using the methods of measurement 
described above, one may observe more than one T g for some of these types of 
polymers. For example, some polymer blends that exhibit two phase systems can 
have more than one T g . Additionally, some semicrystalline polymers can have two 
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glass transitions, especially when they have a higher percent crystallinity. See 
Edith A. Turi, Theraml Characterization of Polymeric Materials, Academic Press, 
Orlando, FL (1981). Bulk-crystallized polyethylene and polypropylene, for 
example, can have two glass transition temperatures at a relatively high percent 
crystallinity. The lower of the two transitions is represented as T g (L), which can be 
the same as the conventional T g at zero crystallinity. The higher transition is 
designated as T g (U) and becomes more detectable as the crystallinity increases. 
The difference, AT g = T g (U) - T g (L), tends to approach zero as the fractional 
crystallnity x approaches zero. 

It has also been reported that block and graft copolymers can have two 
separate glass transition temperatures. For some of these polymers, each T g can be 
close to the T g of the parent homopolymer. The following Table 2 lists the glass 
transition temperatures for representative examples of block and graft copolymers. 
As illustrated by Table 2, most of these block and graft copolymers exhibit two 
glass transition temperatures. The cited temperatures were reported in Black and 
Worsfold, J. Appl. Polym. Sci., 18, 2307 (1974) who used a thermal expansion 
technique to measure the temperatures, and are provided by way of illustration 
only. 
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Table 2 



M, | 


M 2 


%Mi 


Total 
MW 


Lower 

T g 
(°K) 


Upper 

T g 
(°K) 


(x-Metny i styrene 


V lliyi aVGlaiw 


18 


103 000 


308 


455 


a-Metnyi styrene 


\7inv1 phlnriHp 
v inyi L/iuui luv 


67 


39,000 


265 


455 


a-Metnyi styrene 


oiyi cue; 


45 


61 000 


400 




Styrene 


Methyl 

m **th « prvl atp 
11 1 C LI IdVI jr 1 alt 


40 


70,000 




371 


Styrene 


Butyl acrylate 


46 


104,000 


218 


372 


Styrene 


Ethylene oxide 


50 


40,000 


201 


515 


Styrene 


Isoprene 


50 


1,000,000 


198 


374 


Styrene 


Isobutylene 


40 


141,000 


204 


375 


Methyl 
Methacrylate 


Ethyl acrylate 


56 


162,000 


250 


388 


Methyl 
Methacrylate 


Vinyl acetate 


50 


96,000 


311 


371 


Methyl 
Methacrylate 


Ethyl methacrylate 


50 


104,000 


342 


379 



In one embodiment of the present invention, if the polymer exhibits more 
than one T g , the fluid is heated to exposed the polymer to a temperature equal to or 
greater than the lowest observed T g . It is believed that by exposing a polymer to a 
temperature equal to or greater than the lowest T g , the release rate of the polymer 
should be reduced to a measurable extent because at least some of the amorphous 
domains will be modified during the process. In another embodiment, if the 
polymer exhibits more than one T g , the fluid is heated to expose the polymer to a 
temperature equal to or greater than the highest observed T g . By exposing the 
polymer to the highest T g , it is believed that one can maximize the release rate 
reduction. 
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As noted above, in one embodiment, the drug polymeric drug coating can 
be exposed to a temperature equal to or greater than the T g lower than the T m of the 
polymer. There are several types of methods that can be used to measure the T m of 
a polymer. For example, the melting temperature can be observed by measuring 

5 visual, physical, and thermal properties as a function of temperature. 

T m can be measured by visual observation by using microscopic techniques. 
For instance, the disappearance of crystallinity in a semicrystalline or crystalline 
polymer can be observed with a microscope, with the sample housed between 
crossed nicols (i.e., an optical material that functions as a prism, separating light 

1 0 rays that pass through it into two portions, one of which is reflected away and the 
other transmitted). As a polymer sample is heated, the sharp X-ray pattern 
characteristic of crystalline material gives way to amorphous halos at the T m . 

Another way of observing the T m is to observe the changes in specific 
volume with temperature. Since melting constitutes a first-order phase change, a 

1 5 discontinuity in the volume is expected. The T m should give a discontinuity in the 
volume, with a concomitant sharp melting point. Because of the very small size of 
the crystallites in bulk crystallized polymers, however, most polymers melt over a 
range of several degrees. The T m is the temperature at which the last trace of 
crystallinity disappears. This is the temperature at which the largest and/or most 

20 "perfect" crystals are melting. 

Alternatively, the T m can be determined by using thermomechanical 
analysis (TMA) that uses a thermal probe (e.g., available from Perkin Elmer, 
Norwalk, CT). The T m can also be determined with a thermal-based method. For 
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example, a differential scanning calorimetry (DSC) study can be used to determine 
the T m . The same process for DSC as described above for the determination of T g 
can be used to determine the T m . Referring to Figure 2, the T m of the 
representative polymer is the peak of curve 64. 

Table 3 lists the melting temperatures for some of the polymers used in the 
embodiments of the present invention. The cited temperature is the temperature as 
reported in the noted reference and is provided by way of illustration only and is 
not meant to be limiting. 



Table 3 



POLYMER 


T ra (°K) 


METHOD 
USED TO 
CALCULATE 
T m 


REFERENCE 


EVAL 


437.3 


DMA 


Tokoh et al., Chem. 
Express, 2(9), 575-78 
(1987) 


Poly(ethylene 
terephthalate) 


526.38 


DSC 


Sun et al., J. Polym. Sci., 
Part A, Polym. Chem., 
34(9), 1783-92 (1996) 


Poly(vinylidene 
fluoride) 


444 


Dielectric 
relaxation 


Barid et al., J. Mater. Sci., 
10(7), 1248-51 (1975) 


Poly(p-phenylene 
sulfide) 


560 


DSC 


Ding, et al., 

Macromolecules, 29(13), 
4811-12(1996) 


Poly(6- 
aminocaproic acid) 


498 


DSC 


Gee etal., Polymer, 11, 
192-97(1970) 


Poly(vinyl 
alcohol) 


513 


TMA 


Fujii et al., J. Polym. Sci., 
Part A, 2, 2327-47(1964) 


Poly(epsilon- 
caprolactone) 


330.5 


DSC 


Loefgren et al., 
Macromolecules, 27(20), 
5556-62(1994) 



In the embodiments of the present invention, the fluid treatment process can 
be used to reduced the release rate of an active agent from polymeric coatings 
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having various coating structures. Referring to Figure 1 A, for instance, reservoir 
layer 24 has a polymer and an active agent. The polymer in reservoir layer 24 can 
be exposed to a fluid sufficient to reduce the release rate of the active agent from 
reservoir layer 24. 

5 The fluid treatment process can also be directed to a coating having a 

barrier layer as illustrated in Figures IB-IE. Referring to Figure IB, for instance, 
an active agent can be deposited in cavities 26, and covered by barrier layer 30. In 
one embodiment of the present invention, the polymer in barrier layer 30 is 
subjected to the fluid treatment process. 

10 Forming an Active Agent-Containing Coating 

The composition containing the active agent can be prepared by first 
forming a polymer solution by adding a predetermined amount of a polymer to a 
predetermined amount of a compatible solvent. The polymer can be added to the 
solvent at ambient pressure and under anhydrous atmosphere. If necessary, gentle 

15 heating and stirring and/or mixing can be employed to effect dissolution of the 
polymer into the solvent, for example 12 hours in a water bath at about 60°C. 

Sufficient amounts of the active agent can then be dispersed in the blended 
composition of the polymer and the solvent. The active agent should be in true 
solution or saturated in the blended composition. If the active agent is not 

20 completely soluble in the composition, operations including mixing, stirring, 

and/or agitation can be employed to effect homogeneity of the residues. The active 
agent can also be first added to a compatible solvent prior to admixing with the 
composition. 
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The polymer can comprise from about 0.1% to about 35%, more narrowly 
from about 0.5% to about 20% by weight of the total weight of the composition, 
the solvent can comprise from about 59.9% to about 99.8%, more narrowly from 
about 79% to about 99% by weight of the total weight of the composition, and the 
5 active agent can comprise from about 0.1% to about 40%, more narrowly from 
about 1% to about 9% by weight of the total weight of the composition. Selection 
of a specific weight ratio of the polymer and solvent is dependent on factors such 
as, but not limited to, the material from which the device is made, the geometrical 
structure of the device, and the type and amount of the active agent employed. 

1 0 Representative examples of polymers that can be combined with the active 

agent for the reservoir layer include ethylene vinyl alcohol copolymer (commonly 
known by the generic name EVOH or by the trade name EVAL); 
polybutylmethacrylate; poly(ethylene-co-vinyl acetate); poly(vinylidene fluoride- 
co-hexafluororpropene); poly(hydroxyvalerate); poly(L-lactic acid); poly(epsilon- 

1 5 caprolactone); poly(lactide-co-glycolide); poly(hydroxybutyrate); 

poly(hydroxybutyrate-co-valerate); polydioxanone; polyorthoester; polyanhydride; 
poly(glycolic acid); poly(D,L-lactic acid); poly(glycolic acid-co-trimethylene 
carbonate); polyphosphoester; polyphosphoester urethane; poly(amino acids); 
cyanoacrylates; poly(trimethylene carbonate); poly(iminocarbonate); copoly(ether- 

20 esters) (e.g. PEO/PLA); polyalkylene oxalates; polyphosphazenes; biomolecules, 
such as fibrin, fibrinogen, cellulose, starch, collagen and hyaluronic acid; 
polyurethanes; silicones; polyesters; polyolefins; polyisobutylene and ethylene- 
alphaolefin copolymers; acrylic polymers and copolymers; vinyl halide polymers 
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and copolymers, such as polyvinyl chloride; polyvinyl ethers, such as polyvinyl 
methyl ether; polyvinylidene halides, such as polyvinylidene fluoride and 
polyvinylidene chloride; polyacrylonitrile; polyvinyl ketones; polyvinyl aromatics, 
such as polystyrene; polyvinyl esters, such as polyvinyl acetate; copolymers of 
5 vinyl monomers with each other and olefins, such as ethylene-methyl methacrylate 
copolymers, acrylonitrile-styrene copolymers, ABS resins, and ethylene-vinyl 
acetate copolymers; polyamides, such as Nylon 66 and polycaprolactam; alkyd 
resins; polycarbonates; polyoxymethylenes; polyimides; polyethers; epoxy resins; 
polyurethanes; rayon; rayon-triacetate; cellulose acetate; cellulose butyrate; 

10 cellulose acetate butyrate; cellophane; cellulose nitrate; cellulose propionate; 
cellulose ethers; and carboxymethyl cellulose. 

EVAL is functionally a very suitable choice of polymer. EVAL copolymer 
refers to copolymers comprising residues of both ethylene and vinyl alcohol 
monomers. One of ordinary skill in the art understands that ethylene vinyl alcohol 

1 5 copolymer may also be a terpolymer so as to include small amounts of additional 
monomers, for example less than about five (5) mole percentage of styrenes, 
propylene, or other suitable monomers. Ethylene vinyl alcohol copolymers are 
available commercially from companies such as Aldrich Chemical Company, 
Milwaukee, WI, or EVAL Company of America, Lisle, IL, or can be prepared by 

20 conventional polymerization procedures that are well known to one of ordinary 
skill in the art. 

Poly(butylmethacrylate) ("PBMA") and ethylene-vinyl acetate copolymers 
can also be especially suitable polymers for the reservoir layer. In one 
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embodiment, the polymer in the reservoir coating is a mixture of PBMA and an 
ethylene-vinyl acetate copolymer. 

KRATON G-1650 is also a suitable polymer. KRATON is manufactured 
by Shell Chemicals Co. of Houston, Texas, and is a three block copolymer with 

5 hard polystyrene end blocks and a thermoplastic elastomeric poly(ethylene- 
butylene) soft middle block. KRATON G-1650 contains about 30 mass % of 
polystyrene blocks. 

Representative examples of solvents that can be combined with the polymer 
and active agent include chloroform, acetone, water (buffered saline), 

10 dimethylsulfoxide, propylene glycol methyl ether, iso-propylalcohol, n- 
propylalcohol, methanol, ethanol, tetrahydrofuran, dimethylformamide, 
dimethylacetamide, benzene, toluene, xylene, hexane, cyclohexane, pentane, 
heptane, octane, nonane, decane, decalin, ethyl acetate, butyl acetate, isobutyl 
acetate, isopropyl acetate, butanol, diacetone alcohol, benzyl alcohol, 2-butanone, 

1 5 cyclohexanone, dioxane, methylene chloride, carbon tetrachloride, 

tetrachloroethylene, tetrachloro ethane, chlorobenzene, 1,1,1-trichloroethane, 
formamide, hexafluoroisopropanol, 1,1,1-trifluoroethanol, and hexamethyl 
phosphoramide and a combination thereof. 

The active agent may be any substance capable of exerting a therapeutic or 

20 prophylactic effect in the practice of the present invention. Examples of such 
active agents include antiproliferative, antineoplastic, antiinflammatory, 
antiplatelet, anticoagulant, antifibrin, antithrombin, antimitotic, antibiotic, and 
antioxidant substances as well as combinations thereof. An example of an 
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antiproliferative substance is actinomycin D, or derivatives and analogs thereof 
(manufactured by Sigma-Aldrich 1001 West Saint Paul Avenue, Milwaukee, WI 
53233; or COSMEGEN available from Merck). Synonyms of actinomycin D 
include dactinomycin, actinomycin IV, actinomycin Ii, actinomycin Xi, and 
5 actinomycin Cj. Examples of antineoplastics include paclitaxel and docetaxel. 
Examples of antiplatelets, anticoagulants, antifibrins, and antithrombins include 
aspirin, sodium heparin, low molecular weight heparin, hirudin, argatroban, 
forskolin, vapiprost, prostacyclin and prostacyclin analogs, dextran, D-phe-pro-arg- 
chloromethylketone (synthetic antithrombin), dipyridamole, glycoprotein Ilb/IIIa 

10 platelet membrane receptor antagonist, recombinant hirudin, thrombin inhibitor 
(available from Biogen), and 7E-3B® (an antiplatelet drug from Centocor). 
Examples of antimitotic agents include methotrexate, azathioprine, vincristine, 
vinblastine, fluorouracil, adriamycin, and mutamycin. Examples of cytostatic or 
antiproliferative agents include angiopeptin (a somatostatin analog from Ibsen), 

15 angiotensin converting enzyme inhibitors such as CAPTOPRIL (available from 
Squibb), CILAZAPRIL (available from Hoffman-LaRoche), or LISINOPRIL 
(available from Merck & Co., Whitehouse Station, NJ), calcium channel blockers 
(such as Nifedipine), colchicine, fibroblast growth factor (FGF) antagonists, 
histamine antagonist, LOVASTATIN (an inhibitor of HMG-CoA reductase, a 

20 cholesterol lowering drug from Merck &Co.), monoclonal antibodies (such as 
PDGF receptors), nitroprusside, phosphodiesterase inhibitors, prostaglandin 
inhibitor (available form Glazo), Seramin (a PDGF antagonist), serotonin blockers, 
thioprotease inhibitors, triazolopyrimidine (a PDGF antagonist), and nitric oxide. 
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Other therapeutic substances or agents that may be appropriate include alpha- 
interferon, genetically engineered epithelial cells, dexamethasone, estradiol, 
clobetasol propionate, cisplatin, insulin sensitizers, receptor tyrosine kinase 
inhibitors and carboplatin. Exposure of the composition to the active agent should 
5 not adversely alter the active agent's composition or characteristic. Accordingly, 
the particular active agent is selected for compatibility with the blended 
composition. 

In one embodiment, rapamycin, or a functional or structural derivative such 
as 40-O-(2-hydroxy)ethyl-rapamycin can be used. The chemical structure for 40-O- 
1 0 (2-hydroxy)ethyl-rapamycin is as follows: 



15 




20 



Analogs or derivatives of 40-O-(2-hydroxy)ethyl-rapamycin can also be used, 



examples of which include but are not limited to 40-O-(3-hydroxy)propyl- 



rapamycin and 40-O-[2-(2-hydroxy)ethoxy]ethyl-rapamycin. 
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40-O-(2-hydroxy)ethyl-rapamycin binds to the cytosolic immunophyllin 
FKBP12 and inhibits growth factor-driven cell proliferation, including that of T- 
cells and vascular smooth muscle cells. The actions of 40-O-(2-hydroxy)ethyl- 
rapamycin occur late in the cell cycle (i.e., late Gl stage) compared to other 
5 immunosuppressive agents such as tacrolimus or cyclosporine which block 
transcriptional activation of early T-cell-specific genes. Since 40-0(2- 
hydroxy)ethyl-rapamycin can act as a potent antiproliferative agent, it is believed 
that 40-O-(2-hydroxy)ethyl-rapamycin can be an effective agent to treat restenosis 
by being delivered to a local treatment site from a polymeric coated implantable 

1 0 device such as a stent. 

The release rate of 40-O-(2-hydroxy)ethyl-rapamycin can be 
advantageously controlled by various methods and coatings as described herein. In 
particular, by using the methods and coatings of the present invention, the release 
rate of the 40-O-(2-hydroxy)ethyl-rapamycin, or analog or derivative thereof, can 

1 5 be less than about 50% in 24 hours. 

The 40-O-(2-hydroxy)ethyl-rapamycin, or analog or derivative thereof, in 
the reservoir layer can be in the amount of about 50 ^g to about 500 ng, more 
narrowly about 90 \ig to about 350 jig, and the polymer can be in the amount of 
about 50 ^g to about 1000 ^g, more narrowly about 90 |ig to about 500 |ig. When 

20 the 40-O-(2-hydroxy)ethyl-rapamycin is blended with a polymer for the reservoir 
layer, the ratio of 40-O-(2-hydroxy)ethyl-rapamycin, or analog or derivative 
thereof, to polymer by weight in the reservoir layer can be about 1 :2.8 to about 
1.5:1. 
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The dosage or concentration of the active agent required to produce a 
therapeutic effect should be less than the level at which the active agent produces 
unwanted toxic effects and greater than the level at which non-therapeutic results 
are obtained. The dosage or concentration of the active agent required to inhibit 

5 the desired cellular activity of the vascular region, for example, can depend upon 
factors such as the particular circumstances of the patient; the nature of the trauma; 
the nature of the therapy desired; the time over which the ingredient administered 
resides at the vascular site; and if other bioactive substances are employed, the 
nature and type of the substance or combination of substances. Therapeutically 

10 effective dosages can be determined empirically, for example by infusing vessels 
from suitable animal model systems and using immunohistochemical, fluorescent 
or electron microscopy methods to detect the agent and its effects, or by conducting 
suitable in vitro studies. Standard pharmacological test procedures to determine 
dosages are understood by one of ordinary skill in the art. 

15 Forming a Barrier Layer to Reduce the Rate of Release 

In some coatings, the release rate of the active agent may be too high to be 
clinically useful. A barrier layer can reduce the rate of release or delay the time at 
which the active agent is released from the reservoir layer. 

In accordance with one embodiment, the barrier layer can be applied on a 

20 selected region of the reservoir layer to form a rate reducing member. The barrier 
layer can be applied to the reservoir layer prior to or subsequent to the fluid 
treatment. If the barrier layer is applied to the reservoir layer prior to the fluid 
treatment, the solvent in the barrier layer should be allowed to evaporate to form a 
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dry coating prior to application of the fluid. Similarly, if the barrier layer is applied 
to the reservoir layer subsequent to the fluid treatment, the barrier layer should be 
applied after the fluid has been allowed to evaporate from the coating. 

The composition for the barrier layer can be substantially free of active 
5 agents. Alternatively, for maximum blood compatibility, compounds such as 
polyethylene glycol, heparin, heparin derivatives having hydrophobic counterions, 
or polyethylene oxide can be added to the barrier layer, or disposed on top of the 
barrier layer. 

The choice of polymer for the barrier layer can be the same as the selected 
10 polymer for the reservoir. The use of the same polymer, as described for some of 
the embodiments, significantly reduces or eliminates any interfacial 
incompatibilities, such as lack of adhesion, which may exist in the employment of 
two different polymeric layers. 

Polymers that can be used for a barrier layer include the examples of 
15 polymers listed above for the reservoir layer. Representative examples of polymers 
for the barrier layer also include polytetrafluoroethylene, perfluoro elastomers, 
ethylene-tetrafluoroethylene copolymer, fluoroethylene-alkyl vinyl ether 
copolymer, polyhexafluoropropylene, low density linear polyethylenes having high 
molecular weights, ethylene-olefin copolymers, atactic polypropylene, 
20 polyisobutene, polybutylenes, poiybutenes, styrene-ethylene-styrene block 

copolymers, styrene-butylene-styrene block copolymers, styrene-butadiene-styrene 
block copolymers, and ethylene methacrylic acid copolymers of low methacrylic 
acid content. 
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EVAL is functionally a very suitable choice of polymer for the barrier layer. 
The copolymer can comprise a mole percent of ethylene of from about 27% to 
about 48%. Fluoropolymers are also a suitable choice for the barrier layer 
composition. For example, polyvinylidene fluoride (otherwise known as KYNAR, 

5 available from ATOFINA Chemicals, Philadelphia, PA) can be dissolved in 
acetone, methylethylketone, dimethylacetamide, and cyclohexanone, and can 
optionally be combined with EVAL to form the barrier layer composition. Also, 
solution processing of fluoropolymers is possible, particularly the low crystallinity 
varieties such as CYTOP available from Asahi Glass and TEFLON AF available 

10 from DuPont. Solutions of up to about 15% (w/w) are possible in perfluoro 

solvents, such as FC-75 (available from 3M under the brand name FLUORINERT), 
which are non-polar, low boiling solvents. Such volatility allows the solvent to be 
easily and quickly evaporated following the application of the polymer-solvent 
solution to the implantable device. 

1 5 PBMA and ethylene- vinyl acetate copolymers can also be especially 

suitable polymers for the barrier layer. PBMA, for example, can be dissolved in a 
solution of xylene, acetone and HFE FLUX REMOVER (Techspray, Amarillo, 
TX). In another embodiment, the polymer in the barrier layer is PBMA or a 
mixture of PBMA and an ethylene-vinyl acetate copolymer. 

20 Other choices of polymers for the rate-limiting membrane include, but are 

not limited to, ethylene-anhydride copolymers; and ethylene-acrylic acid 
copolymers having, for example, a mole % of acrylic acid of from about 2% to 
about 25%. The ethylene-anhydride copolymer available from Bynel adheres well 
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to EVAL and thus would function well as a barrier layer over a reservoir layer 
made from EVAL. The copolymer can be dissolved in organic solvents, such as 
dimethylsulfoxide and dimethylacetamide. Ethylene vinyl acetate polymers can be 
dissolved in organic solvents, such as toluene and n-butyl acetate. Ethylene-acrylic 
5 acid copolymers can be dissolved in organic solvents, such as methanol, isopropyl 
alcohol, and dimethylsulfoxide. 

Yet another choice of polymer for the rate-limiting membrane is a cross- 
linked silicone elastomer. Loose silicone and silicone with very low cross-linking 
are thought to cause an inflammatory biological response. However, it is believed 

1 0 that a thoroughly cross-linked silicone elastomer, having low levels of leachable 
silicone polymer and oligomer, is an essentially non-inflammatory substance. 
Silicone elastomers, such as Nusil MED-4750, MED-4755, or MED2-6640, having 
high tensile strengths, for example between 1200 psi and 1500 psi, will likely have 
the best durability during crimping, delivery, and expansion of a stent as well as 

15 good adhesion to a reservoir layer, e.g., EVAL or the surface of an implantable 
device. 

The composition for a rate-reducing membrane or diffusion barrier layer 
can be prepared by the methods used to prepare a polymer solution as described 
above. The polymer can comprise from about 0.1% to about 35%, more narrowly 
20 from about 1% to about 20% by weight of the total weight of the composition, and 
the solvent can comprise from about 65% to about 99.9%, more narrowly from 
about 80% to about 98% by weight of the total weight of the composition. 
Selection of a specific weight ratio of the polymer and solvent is dependent on 
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factors such as, but not limited to, the type of polymer and solvent employed, the 
type of underlying reservoir layer, and the method of application. 

Forming a Primer Layer 
The presence of an active agent in a polymeric matrix can interfere with the 
5 ability of the matrix to adhere effectively to the surface of the device. Increasing 
the quantity of the active agent reduces the effectiveness of the adhesion. High 
drug loadings in the coating can hinder the retention of the coating on the surface 
of the device. A primer layer can serve as a functionally useful intermediary layer 
between the surface of the device and an active agent-containing or reservoir 

10 coating. The primer layer provides an adhesive tie between the reservoir coating 
and the device — which, in effect, would also allow for the quantity of the active 
agent in the reservoir coating to be increased without compromising the ability of 
the reservoir coating to be effectively contained on the device during delivery and, 
if applicable, expansion of the device. 

15 The primer composition can be prepared by adding a predetermined amount 

of a polymer to a predetermined amount of a compatible solvent. By way of 
example, and not limitation, the polymer can comprise from about 0.1% to about 
35%, more narrowly from about 1% to about 20% by weight of the total weight of 
the composition, and the solvent can comprise from about 65% to about 99.9%, 

20 more narrowly from about 80% to about 98% by weight of the total weight of the 
primer composition. A specific weight ratio is dependent on factors such as the 
material from which the implantable device is made, the geometrical structure of 
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the device, the choice of polymer-solvent combination, and the method of 
application. 

Representative examples of polymers for the primer layer include, but are 
not limited to, polyisocyanates, such as triisocyanurate and polyisocyanate; 
5 polyethers; polyurethanes based on diphenylmethane diisocyanate; acrylates, such 
as copolymers of ethyl acrylate and methacrylic acid; titanates, such as tetra-iso- 
propyl titanate and tetra-n-butyl titanate; zirconates, such as n-propyl zirconate and 
n-butyl zirconate; silane coupling agents, such as 3-aminopropyltriethoxysilane and 
(3-glydidoxypropyl) methyldiethoxysilane; high amine content polymers, such as 

10 polyethyleneamine, polyallylamine, and polylysine; polymers with a high content 
of hydrogen bonding groups, such as polyethylene-co-polyvinyl alcohol, ethylene 
vinyl acetate, and melamine formaldehydes; and unsaturated polymers and 
prepolymers, such as polycaprolactone diacrylates, polyacrylates with at least two 
acrylate groups, and polyacrylated polyurethanes. With the use of unsaturated 

15 prepolymers, a free radical or UV initiator can be added to the composition for the 
thermal or UV curing or cross-linking process, as is understood by one of ordinary 
skill in the art. 

Representative examples of polymers that can be used for the primer 
material also include those polymers that can be used for the reservoir layer as 
20 described above. The use of the same polymer significantly reduces or eliminates 
any interfacial incompatibilities, such as lack of an adhesive tie or bond, which 
may exist with the employment of two different polymeric layers. 
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EVAL is a very suitable choice of polymer for the primer layer. The 
copolymer possesses good adhesive qualities to the surface of a stent, particularly 
stainless steel surfaces, and has illustrated the ability to expand with a stent without 
any significant detachment of the copolymer from the surface of the stent. The 
5 copolymer can comprise a mole percent of ethylene of from about 27% to about 
48%. 

Methods For Applying the Compositions to the Device 
Application of the composition can be by any conventional method, such as 
by spraying the composition onto the prosthesis or by immersing the prosthesis in 

10 the composition. Operations such as wiping, centrifiigation, blowing, or other 
web-clearing acts can also be performed to achieve a more uniform coating. 
Briefly, wiping refers to physical removal of excess coating from the surface of the 
stent; centrifugation refers to rapid rotation of the stent about an axis of rotation; 
and blowing refers to application of air at a selected pressure to the deposited 

1 5 coating. Any excess coating can also be vacuumed off the surface of the device. 
If the optional primer layer is to be formed on the device, the primer 
composition can first be applied to a designated region of the surface of the device. 
The solvent(s) is removed from the composition by allowing the solvent(s) to 
evaporate. The evaporation can be induced by heating the device at a 

20 predetermined temperature for a predetermined period of time. For example, the 
device can be heated at a temperature of about 60°C for about 10 minutes to about 
24 hours. The heating can be conducted in an anhydrous atmosphere and at 
ambient pressure and should not exceed the temperature which would adversely 
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affect the active agent. The heating can also be conducted under a vacuum 
condition. 

The composition containing the active agent can be applied to a designated 
region of the surface of the device. If the optional primer layer has been formed on 
5 the surface of the device, active agent-containing composition can be applied to the 
dry primer layer. Thereafter, the solvent(s) can be removed from the reservoir 
layer as described above for the primer layer. 

Examples of the Device 
Examples of implantable devices for the present invention include self- 

10 expandable stents, balloon-expandable stents, stent-grafts, grafts (e.g., aortic 

grafts), artificial heart valves, cerebrospinal fluid shunts, pacemaker electrodes, and 
endocardial leads (e.g., FINELINE and ENDOTAK, available from Guidant 
Corporation, Santa Clara, CA). The underlying structure of the device can be of 
virtually any design. The device can be made of a metallic material or an alloy 

15 such as, but not limited to, cobalt chromium alloy (ELGILOY), stainless steel 
(316L), high nitrogen stainless steel, e.g., BIODUR 108, cobalt chrome alloy L- 
605, "MP35N," "MP20N," ELASTINITE (Nitinol), tantalum, nickel-titanium 
alloy, platinum-iridium alloy, gold, magnesium, or combinations thereof. 
"MP35N" and "MP20N" are trade names for alloys of cobalt, nickel, chromium 

20 and molybdenum available from Standard Press Steel Co., Jenkintown, PA. 
"MP35N" consists of 35% cobalt, 35% nickel, 20% chromium, and 10% 
molybdenum. "MP20N" consists of 50% cobalt, 20% nickel, 20% chromium, and 
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10% molybdenum. Devices made from bioabsorbable or biostable polymers could 
also be used with the embodiments of the present invention. 

The embodiments of the present invention may be particularly useful for the 
coatings of small vessel stents. Small vessels stents can be generally categorized as 
5 having inner diameters of less than 2.5 mm in an expanded state. Because of their 
small size, small vessel stents offer unique challenges for drug delivery. In 
particular, as compared to conventionally sized stents, small vessel stents have a 
greater surfacervolume ratio. Therefore, when a small vessel stent is inserted into a 
biological lumen, the vessel tissue surrounding a small vessel stent is exposed to a 

10 greater concentration of polymer. The present invention can be used to reduce the 
amount of polymer that is needed on the stent structure and still maintain an 
efficacious release rate. The present invention, therefore, can reduce the risk of an 
inflammatory response by the vessel tissue when small stents are used as a drug 
delivery device in small vessels. 

15 Method of Use 

In accordance with the above-described method, the active agent can be 
applied to a device, e.g., a stent, retained on the device during delivery and released 
at a desired control rate and for a predetermined duration of time at the site of 
implantation. A stent having the above-described coating layers is useful for a 

20 variety of medical procedures, including, by way of example, treatment of 

obstructions caused by tumors in bile ducts, esophagus, trachea/bronchi and other 
biological passageways. A stent having the above-described coating layers is 
particularly useful for treating occluded regions of blood vessels caused by 
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abnormal or inappropriate migration and proliferation of smooth muscle cells, 
thrombosis, and restenosis. Stents may be placed in a wide array of blood vessels, 
both arteries and veins. Representative examples of sites include the iliac, renal, 
and coronary arteries. 

Briefly, an angiogram is first performed to determine the appropriate 
positioning for stent therapy. Angiography is typically accomplished by injecting a 
radiopaque contrasting agent through a catheter inserted into an artery or vein as an 
x-ray is taken. A guidewire is then advanced through the lesion or proposed site of 
treatment. Over the guidewire is passed a delivery catheter, which allows a stent in 
its collapsed configuration to be inserted into the passageway. The delivery 
catheter is inserted either percutaneously, or by surgery, into the femoral artery, 
brachial artery, femoral vein, or brachial vein, and advanced into the appropriate 
blood vessel by steering the catheter through the vascular system under 
fluoroscopic guidance. A stent having the above-described coating layers may then 
be expanded at the desired area of treatment. A post insertion angiogram may also 
be utilized to confirm appropriate positioning. 



EXAMPLES 

The embodiments of the invention will be illustrated by the following set 
forth examples which are being given by way of illustration only and not by way of 
limitation. All parameters and data are not be construed to unduly limit the scope 
of the embodiments of the invention. 
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Example 1 

18 mm VISION stents (available from Guidant Corporation) were coated 
by spraying a 2% (w/w) solution of polybutylmethacrylate ("PBMA") mixed with a 
solvent having 60% acetone and 40% xylene (w/w). The solvent was removed by 
5 baking at 80°C for 30 minutes. The target primer weight was 160 \ig. A solution 
of 2% (w/w) PBMA and 40-O-(2-hydroxy)ethyl-rapamycin in a mixture of 60% 
acetone and 40% xylene (w/w) was spray coated onto the stents. The drug to 
polymer ratio for the coating was 1.25 to 1, with a target reservoir coating weight 
of 288 ng. The target drug loading was 160 jxg. The stents were then baked at 
1 0 50°C for 2 hours to produce dry coatings. 

Example 2 

The stents were separated into two test groups. Group A served as the 
control group, and Group B was exposed to a fluid treatment. In particular, the 
stents of Group B were sprayed with a solution of pure ethanol for five spray 
1 5 cycles. In particular, the following Table 4 lists the spray process parameters that 
were used to conduct the fluid treatment process: 
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Table 4 



Parameter 


Set Value 


Units 


Spray Head 


Spray nozzle temperature 


26±2 


°C 


Atomization pressure (non-activated) 


15 ±2.5 


psi 


Distance from spray nozzle to coating 
mandrel pin 


10-12 


mm 


Solution barrel pressure 


2.5 


psi 


Needle valve lift pressure 


80 ± 10 


psi 


Heat Nozzle 


Temperature 


26 ±2 


°C 


Air Pressure 


12-15 


psi 


Distance from heat nozzle to coating 
mandrel pin 


10-15 


mm 



The stents of Group B were then baked to essentially remove the ethanol. 

Example 3 

5 The drug-coated stents were placed on stent holders of a Vankel Bio-Dis 

release rate tester (Vankel, Inc., Cary, NC). 3 stents from each test group were 
dipped into an artificial medium for about 1 hour to extract the 40-0(2- 
hydroxy)ethyl-rapamycin from the stent coatings. The artificial medium included a 
phosphate buffer saline solution (10 mM, pH 7.4) and 1% TRITON X-100 (Sigma 
1 0 Corporation) which stabilizes the 40-O-(2-hydroxy)ethyl-rapamycin in the testing 
solution. Each stent was tested in a separate testing solution to prevent cross- 
contamination. After extraction, each of the solutions was separately analyzed for 
the amount of drug released from the stent coatings by using an HPLC process. 
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The HPLC system consisted of a Waters 2690 system. After the drug solutions 
were analyzed by HPLC, the results were quantified by comparing the release rate 
results with a reference standard. 

Each of the stents were then dipped in fresh extraction solutions for another 
5 6 hours (7 hours total). The solutions were analyzed by HPLC as described above. 
Finally, the stents were dipped in fresh extraction solutions for another 17 hours 
(24 hours total). The solutions were again analyzed by HPLC as described above. 

Next, the total drug content of the coatings was determined. First, 3 stents 
from each test group were placed in volumetric flasks. Each stent was placed in a 

10 separate flask. An appropriate amount of the extraction solvent acetonitrile with 
0.02% butylated hydroxytoluene as a protectant was added to each flask. The 
flasks were sonicated for a sufficient time to extract all of the drug from the 
reservoir regions. Then, the solution in the flasks was filled to mark with the 
solvent solution. The drug solutions for each stent were separately analyzed by 

1 5 HPLC. The HPLC release rate results were quantified by comparing the results 
with a reference standard. The total drug content of the stents was then calculated. 

The drug release profile could then be generated by plotting cumulative 
drug released in the medium vs. time. The percentage of drug released at a specific 
time was determine by comparing the cumulative drug released with the total 

20 content data. The results demonstrate that the fluid treatment process substantially 
reduces the release rate of the active agent. The results for the total content 
analysis are summarized in Table 5, the drug release profile is summarized in Table 
6, and the release rate for each test group is summarized in Table 7. 
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Table 5 





Group A 


Group B 




Stent 1 


Stent 2 


Stent 3 


Stent 1 


Stent 2 


Stent 3 


Theoretical 

Total 
Recovery 

(ug) 


149.4 


174.4 


166.1 


165.0 


163.3 


166.1 


Total 
Recovered 
(US) 


142.4 


161.6 


150.7 


128.2 


135.0 


133.1 


% Recovered 


95 


93 


91 


78 


83 


80 1 



Table 6 





( 


Group A 
ug released 


) 


( 


Group B 
ug released 


) 


Time (hours) 


Stent 1 


Stent 2 


Stent 3 


Stent 1 


Stent 2 


Stent 3 


1 


34.93 


30.37 


36.89 


7.82 


3.67 


1.88 


7 


55.44 


54.30 


62.03 


25.50 


9.92 j 


5.31 


24 


74.55 


82.69 


89.62 


46.40 


16.84 


10.14 


Average for 
Group (24 
hours) 


82.29 


24.46 




Standard 
Deviation for 
Group 


7.54 


19.29 



Table 7 





Group A 
(% of drug released) 


Group B 
(% of drug released) 


Time (hours) 


Stent 1 


Stent 2 


Stent 3 


Stent 1 


Stent 2 


Stent 3 


1 


25 


19 


24 


5 


2 


1 


7 


39 


34 


41 


17 


7 


4 


24 


52 


51 


59 


31 


11 


7 


Average for 
Group (24 
hours) 


54.35 


16.24 




Standard 
Deviation for 
Group 


4.49 


12.80 
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Example 4 

The following experiment was conducted in order to obtain information 01 
how the fluid treatment process could affect polymer morphology. Pellets of 
poly(vinyIidene fluoride-co-hexafluororpropene) (SOLEF 21508, available from 
Solvay Solexis PVDF, Thorofare, NJ) were placed in a sealable container. The 
treatment fluid, ethyl acetate, was added to the container at a 1:7 polymer:fluid 
ratio (w/w) and the container was sealed. The contents of the container were 
agitated at room temperature for about five hours by using a magnetic stir bar. 
Upon visible inspection, the pellets about doubled in size, indicating that the fluid 
caused the polymer to swell. After the treatment, the polymer pellets were 
removed from the container and dried at 50°C overnight. 

A Fourier Transform Infrared (FTIR) analysis was conducted on a control 
group (i.e., pellets of poly(vinylidene fluoride-co-hexafluororpropene) which had 
not been exposed to the fluid treatment). The results for the control group are 
illustrated in the spectrograph of Figure 5A. An FTIR analysis was also conducted 
on the pellets exposed to the fluid treatment. The results for the fluid treatment 
group are illustrated in the spectrograph of Figure 5B. The spectra of Figures 5A 
and 5B are substantially similar, except that a peak near 975 cm" 1 appears for the 
polymer treated with the fluid as shown in Figure 5B. 

It was confirmed by conducting a differential scanning calorimetry (DSC) 
experiment that the peak near 975 cnf 1 indicated an increase in percent crystallinity 
for the polymer. In particular, it was determined that the polymer treated with the 
fluid had a melting enthalpy of about 35 J/gram, whereas a control sample of 
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polymer that was untreated had a melting enthalpy of about 24 J/gram. The 
increased melting enthalpy of the treated polymer indicated an increase in percent 
crystallinity. 

Example 5 

5 18 mm VISION stents (available from Guidant Corporation) are coated by 

spraying a 2% (w/w) solution of poly(vinylidene fluoride-co-hexafluororpropene) 
(e.g, SOLEF 21508) and 40-O-(2-hydroxy)ethyl-rapamycin mixed with a solvent 
having 30:70 acetone/cyclohexanone (w/w). The drug to polymer ratio for the 
coating is 1.25 to I. The target drug loading is 160 jxg. The solvent is removed by 

1 0 baking at 50°C for 2 hours to produce a dry drug coating. Next, the stents are 
immersed in a hydrofluoroether solvent (e.g., NOVEC HFE7200, ethoxy- 
nonaflurobutane (C4F9OC2H5), available from 3M, St. Paul, MN) for five minutes 
for a fluid treatment. The stents are then removed from the hydrofluoroether 
solvent and baked to remove essentially all of the fluid. 

15 Example 6 

1 8 mm VISION stents (available from Guidant Corporation) are coated by 
spraying a 2% (w/w) solution of PBMA mixed with a solvent having 60% acetone 
and 40% xylene (w/w). The solvent is removed by baking at 80°C for 30 minutes. 
The target primer weight is 160 ^ig. A solution of 2% (w/w) PBMA and 40-O-(2- 

20 hydroxy)ethyl-rapamycin in a mixture of 60% acetone and 40% xylene (w/w) is 
spray coated onto the stents. The drug to polymer ratio for the coating is 1 .25 to 1, 
with a target reservoir coating weight of about 288 |ig. The target drug loading is 
160 |ig. The stents are then baked at 50°C for 2 hours to produce dry coatings. 
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Next, the stents are sprayed with acetone for five spray cycles. The acetone is 
allowed to evaporate to remove essentially all of the fluid from the coatings. 

While particular embodiments of the present invention have been shown 
and described, it will be obvious to those skilled in the art that changes and 
modifications can be made without departing from this invention in its broader 
aspects. Therefore, the appended claims are to encompass within their scope all 
such changes and modifications as fall within the true spirit and scope of this 
invention. 
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